abstract: Genetic correlations between plant resistances to multiple natural enemies are important because they have the potential to determine the mode of selection that natural enemies impose on a host plant, the structure of herbivore and pathogen communities, and the success of plant breeding for resistance to multiple diseases and pests. We conducted a meta-analysis of 29 published studies of 16 different plant species reporting a total of 467 genetic correlations between resistances to multiple herbivores or pathogens. In general, genetic associations between resistances to multiple natural enemies tended to be positive regardless of the breeding design, type of attacker, and type of host plant. Positive genetic correlations between resistances were stronger when both attackers were pathogens or generalist herbivores and when resistance to different enemies was tested independently, suggesting that generalists may be affected by the same plant resistance traits and that interactions among natural enemies are common. Although the mean associations between resistances were positive, indicating the prevalence of diffuse selection and generalized defenses against multiple enemies, the large variation in both the strength and the direction of the associations suggests a continuum between pairwise and diffuse selection.
Plants in natural populations are often attacked by multiple enemies, including various herbivores and pathogens, and usually display at least some degree of resistance to the majority of these enemies (e.g., Karban 1989; Marquis 1990 Marquis , 1992 . A fundamental question is whether plant resistances to different enemies are independent of each other or show positive or negative associations. A lack of genetic correlation between resistances indicates the absence of common genetic control for resistance to multiple enemies (Fritz 1992) and suggests that the selective effect of each enemy species on a plant is independent of the other enemy species. However, genetic correlations may also not be detected because of low statistical power or the selection of a trait irrelevant to plant defense (Strauss et al. 2005) . If resistances to multiple natural enemies are not genetically correlated, selection is likely to be pairwise, leading to evolution of specific defensive mechanisms against individual enemy species (Hougen-Eitzman and Rausher 1994; Iwao and Rausher 1997; Strauss et al. 2005) . Alternatively, significant negative or positive correlations between resistances are indicative of diffuse (multispecies) selection (Gould 1988; Strauss et al. 2005) . A positive genetic correlation between resistances may occur if the same genes confer resistance to different enemies (positive pleiotropy) and thus the same resistance trait affects different enemies and acts as a generalized defense (Krischik et al. 1991) . In this case, several natural enemies may collectively exert selection for greater resistance, even though each of the natural enemies alone may be too rare to cause significant selection (Futuyma 2000) . The presence of positive correlations between resistances to different enemies facilitates plant breeding for multiple resistances to pests and pathogens because selection for increased resistance to one enemy will result in enhanced cross-resistance to another enemy species. Finally, negative genetic correlations suggest a trade-off between resistances to different enemies and are regarded as one type of ecological cost of resistance (Strauss et al. 2002) . These correlations may arise as a result of negative pleiotropy or linkage disequilibrium between resistance loci (Falconer 1981) and indicate that natural enemies have opposite responses to (and thus exert conflicting selection on) the same defensive trait. As a result, negative genetic correlations maintain variation in the level of resistance and are likely to con-strain evolution of plant phenotypes with optimal levels of resistance to different enemies.
Overall, genetic associations between plant resistances to multiple attackers have the potential to determine the mode of selection that natural enemies impose on a host plant (Rausher 1992 (Rausher , 1996 , the structure of herbivore and pathogen communities, by affecting patterns of species cooccurrence on host plants (Fritz 1992) , and the success of plant breeding for multiple disease and pest resistances (Mitchell-Olds et al. 1995) . Uncovering the prevailing patterns of association between plant resistances to different enemies is therefore of great interest to ecologists, evolutionary biologists, plant breeders, and geneticists and is of considerable scientific and practical importance.
The existing studies examining genetic correlations between resistances to different herbivores and/or pathogens have found significantly positive relationships (e.g., Mitchell-Olds et al. 1995) , significantly negative relationships (e.g., Juenger and Bergelson 1998; Stinchcombe and Rausher 2001) , or no genetic correlations at all (e.g., Tiffin and Rausher 1999) . The observed variation in the strength and direction of associations between plant resistances to multiple enemies could be caused by a number of factors. For instance, the degree of taxonomic and ecological relatedness between the natural enemies and the degree of their feeding specialization have been predicted to affect such genetic correlations (Maddox and Root 1990) . While some plant secondary metabolites have been shown to affect both herbivores and pathogens (Krischik et al. 1991; Biere et al. 2004 ), herbivores and pathogens are assumed to induce different defensive responses in host plants (Felton and Korth 2000; Paul et al. 2000) , and thus, positive genetic correlations may be less likely between plant resistances to herbivores and pathogens than between resistances to two herbivore or two pathogen species. Likewise, two herbivore species that utilize a host plant in a similar manner are more likely to be affected by the same plant characteristics and to impose similar selection pressures on the evolution of resistance mechanisms. Therefore, one might expect to find stronger positive correlations between plant resistances to herbivores belonging to the same feeding guild than between resistances to herbivores from different feeding guilds (Linhart 1991; Fritz 1992) .
Plant resistance mechanisms to generalist and specialist herbivores are likely to be more different than those to two generalist herbivores, and thus one might expect to find weaker genetic correlations between plant resistances to generalist and specialist herbivores, as compared to resistances to two generalist species. Moreover, if plant resistance evolves in response to selection by generalist enemies while some herbivores adapt to this resistance factor, become specialized, and respond positively to it, resistances to specialist and generalist enemies should be negatively correlated (Beck and Schoonhoven 1980; Fritz 1992) .
The evolutionary responses of plants to natural enemies may also vary depending on the life span and the apparency (Feeny 1976 ) of the host plants. Annual plants have short generation times that are comparable to the generation times of herbivores, and therefore they may be able to respond faster to selection from natural enemies than perennial plants. In addition, small and short-lived plants have been shown to host fewer herbivore and pathogen species than large and long-lived plants, and likewise, herbs appear to support fewer enemy species than trees (Linhart 1991) . As a result, perennial and more apparent plants like trees and shrubs might be more likely to evolve generalized quantitative defenses that are not readily prone to counteradaptation and thus are effective against multiple enemies (Feeny 1976) . In contrast, annual and less apparent plants, such as herbs, produce qualitative defenses that are effective against nonadapted enemies and might be more likely to evolve in a pairwise manner with the attacking enemies (Feeny 1976) . We might thus expect positive genetic correlations between resistances of perennial apparent plants to different enemies and weaker or negative correlations between annual herb resistances to multiple enemies.
Genetic correlations between resistances may be confounded by ecological interactions between natural enemies. For instance, natural enemies may avoid attacking plants already colonized by other enemies and will thus be restricted to different plant genotypes (Maddox and Root 1990) . Moreover, induced responses caused by one natural enemy can modify interactions between other enemies and the host plant and may influence the selective effect of the plant on other enemies (e.g., Agrawal 2000) . As a result, the sign and the magnitude of detected genetic correlations between resistances may vary depending on whether resistances to different natural enemies are tested independently or different natural enemies are allowed to attack the plants simultaneously.
Previous reviews of studies examining genetic correlations between plant resistances to multiple enemies (Fritz 1992; Rausher 1992 Rausher , 1996 have concluded that correlations are usually nonsignificant or positive and only rarely negative, suggesting potential for either pairwise selection or multiple resistance strategies. However, because of their qualitative or narrative nature, the above-cited reviews were unable to assess the average magnitude of the observed correlations, to distinguish between cases where nonsignificant correlations represented a true absence of genetic correlations or simply the low statistical power of the studies (Rausher 1992) , or to reveal the sources of variation in the magnitude and direction of genetic correlations.
Here we review the results of published studies examining genetic correlations between plant resistances to multiple herbivores or pathogens by means of meta-analysis. Metaanalysis is a statistical method that enables us to combine the results from independent studies addressing the same research question, in order to estimate the mean effect size and to identify the factors that influence the magnitude and direction of the effect (Gurevitch and Hedges 2001) . Metaanalysis assesses the magnitude rather than the statistical significance of the effect and weights the magnitude of the effect size by study variance. Meta-analysis is therefore especially useful in situations where the magnitude of the effect is relatively weak and many individual studies fail to detect a significant effect because of a low number of replicates, as is the case in the studies of genetic correlations between plant resistances to multiple enemies. In our analysis we address the following questions: Are resistances to different natural enemies genetically correlated? Does the sign or strength of these correlations depend on characteristics of natural enemies (herbivore vs. pathogen, feeding guilds and feeding specialization of herbivores), host plant characteristics (longevity and life form), or methodology (plant breeding design, whether resistances for different enemies are assessed independently of other enemies or whether the enemies are allowed to attack/infect the plants simultaneously, and whether resistance is measured as or abundance)? 1 Ϫ damage 1 Ϫ herbivore
Methods
We conducted keyword searches in the Web of Science (ISI) electronic bibliographic database to find studies that had examined genetic correlations between resistances to different herbivore or pathogen species. We used different combinations of the keywords "diffuse selection," "diffuse coevolution," "pairwise coevolution," "multiple herbivor * ," "resistance," and "genetic correlation." In addition, previous reviews on the topic (Fritz 1992; Rausher 1996) were used to find additional studies. The final data set consisted of 467 genetic correlations from 29 studies published during 1975-2005 (appendix) . Genetic correlations between resistances to different herbivore species were examined in 24 of the studies, with a total of 449 genetic correlations (appendix). Two studies with 13 correlations examined genetic correlations between resistances to different pathogen species, and three studies with six genetic correlations examined resistance to a herbivore and a pathogen. The studies were conducted on 16 plant species. Following Rausher (1992) , we have restricted our analysis to wild plant species because in agricultural studies, the data are often obtained by crossing lines of unknown geographically distant origins, and hence the reported correlations reflect between-population differences. Furthermore, in these studies, the reported correlations are likely to reflect chance associations of resistance genes affecting different enemies instead of pleiotropic effects of the same set of genes (Rausher 1983) .
Estimates of genetic correlations may be biased because of dominance or maternal effects, particularly if these correlations are based on clone or maternal family means (Falconer 1981; Simms and Rausher 1992 ). Hence, we tested whether the magnitude and direction of the correlations between resistances to multiple enemies differed depending on whether clones, full-sib families, or half-sib families were used.
We used the Pearson product-moment correlation coefficient r as a measure of effect size in our analysis, since most studies reported the association between resistances to pairs of natural enemies as correlation coefficients. If correlation coefficients were not reported in a study, we calculated them from the values given in tables or figures. When data were presented in figures, the plots were enlarged and digitized manually. If regression analysis was used to assess the relationship between resistances to different herbivores or pathogens, we took the square root of the coefficient of determination (R 2 ). In most studies, several different herbivore or pathogen species were examined, and genetic correlations between resistances to all possible combinations of two species were presented, resulting in an average of 17 genetic correlations per study. Inclusion of multiple correlations reported within a single study, which represent statistically nonindependent observations, may violate the assumptions of independence of statistical tests, but averaging or selecting single correlations within a study would result in a dramatic loss of information. As a compromise approach, whenever possible, we conducted analyses at both study and individual correlation levels and compared the results. In addition, we assessed the relationship between the magnitude of the reported correlation and the number of natural enemies examined per study.
The meta-analysis was carried out by using the Meta Win 2.0 statistical program (Rosenberg et al. 2000) . Individual correlation coefficients were z-transformed and weighted by their sample size. The transformed coefficients were combined across studies using the mixed-effects model, which assumes that differences among studies within a class are due to both sampling error and random variation. In ecological data synthesis, the assumptions of mixed models are more likely to be met than those of fixed-effects models, and the former are thus preferred (Gurevitch and Hedges 2001) . We used bias-corrected 95% bootstrap confidence intervals generated from 4,999 iterations (Adams et al. 1997) to define the significance of the relationship between resistances to different natural enemies. A relationship was considered significant if the E18 The American Naturalist confidence interval did not include 0. At the end of the analysis, the mean z values and their 95% confidence intervals were back-transformed to the Pearson correlation coefficients for ease of interpretation.
To test the importance of different sources of variation in determining the sign and magnitude of the correlation between multiple resistances, we subdivided studies in terms of various study characteristics and examined between-group heterogeneity, using a x 2 test statistic, Q b . The following sources of variation were examined: type of enemy (herbivore or pathogen), host specialization of the enemy (specialist or generalist), feeding guild of the herbivores (correlations between and within guilds), plant longevity (annual or perennial), plant growth form (herb, shrub, or tree), breeding design (half-sib, full-sib, clones), and the measure of resistance used ( or 1 Ϫ damage 1 Ϫ ). We defined specialists as those herbivores or abundance pathogens that feed on or infest only one plant species or genus. The feeding guilds of the herbivores included in the analysis were chewers, miners, browsers, suckers, gallers, and folders. In 23 of the studies, herbivores and pathogens were allowed to attack the plants simultaneously in a common garden or an experimental field, while in six studies, resistances to different enemies were examined independently. We therefore also tested differences between the two types of experiments.
We used a funnel-plot (Light and Pillemer 1984; Palmer 1999) approach to examine the range and distribution of the correlations presented in individual studies. We also plotted the number of variables in a study (i.e., the number of herbivore and/or pathogen species) against the individual correlation coefficients in order to examine whether the number of variables in a study (i.e., the number of herbivore and/or pathogen species) influences the magnitude of the correlation.
Results

Range of Individual Genetic Correlations and Overall Mean Correlations
Individual genetic correlations between resistances to pairs of natural enemies varied in strength and direction both between and within studies and ranged from Ϫ0.833 to ϩ1 ( fig. 1; appendix) . However, examination of frequency distributions of effect sizes revealed that the majority of correlations were positive and that for each group examined there was a single peak in frequency distribution of correlations that roughly corresponded to the mean correlation for the group ( fig. 2) . Therefore, we concluded that despite variation in strength and direction of individual correlations, means reflected the magnitude and the direction of the majority of correlations within the group. The overall genetic correlations between resistances to pairs of natural enemies, correlations between resistances to pairs of different herbivores, and resistances to various pathogens were significantly positive both at the level of study and at the level of individual correlations (table 1) . For pairs of herbivores, the correlations were significant at the level of individual correlations but not at the level of study (table 1) .
Plant Resistance to Multiple Enemies E19
Characteristics of Natural Enemies
We found marginally significant differences between the pairwise combinations of the different types of natural enemies (herbivore-herbivore, pathogen-pathogen, herbivore-pathogen; , , ).
The positive correlations tended to be stronger between pathogens, although these correlations were based on only a few studies.
We found significant differences among genetic correlations between resistances depending on the feeding specialization of the enemies, that is, whether the compared enemies were both generalists, both specialists, or one generalist and one specialist ( , , Q p 12.20 df p 2 P p b ). A positive genetic correlation between the resis-.0034 tances was found when both of the compared species were generalists (table 2) and when both of the compared species were specialists (table 2), although in the latter case the relationship was very weak. No significant genetic correlation was found between resistances to a generalist and a specialist (table 2) . Similar results were found when only herbivores were included in the analysis (results not shown).
Significant positive genetic correlations were found between resistances to herbivores both within and between feeding guilds (table 2), and the difference between these two classes was not significant ( , , Q p 0.1685 df p 1 b ). However, feeding guild of herbivores affected P p .7082 the magnitude and sign of correlations within guilds ( , , ) and between guilds Q p 12.823 df p 5 P p .0540
. Within guilds, signif-Q p 35.22 df p 10 P p .0002 b icant positive correlations were found between resistances to pairs of herbivores belonging to miners, browsers, and leaf folders (table 2) . Between guilds, a significant negative genetic correlation was found between resistances to miners and browsers and to browsers and suckers (table 2), whereas positive genetic correlations were found between resistances to miners and gallers, to miners and folders, and to gallers and folders (table 2) .
Plant Characteristics
A positive genetic correlation between resistances to different natural enemies was found for perennial plants, whereas no significant genetic correlation was found for annual plants (table 3) . The difference between these two plant types was, however, nonsignificant ( ,
). A significant positive correlation bedf p 1 P p .7140 tween resistances was found in herbs but not in shrubs or trees (table 3), but the difference between the groups was nonsignificant (  ,  ,  ) . 
Methodological Issues
The magnitude of correlations between resistances to multiple enemies was not significantly different among studies using clone, half-sib, or full-sib design ( ,
), although only the first two types of df p 2 P p .4090 correlations were significantly different from 0 (table 4) . We found marginally significant differences in the relationships between resistances to different enemies depending on whether resistances were measured independently or after the enemies were allowed to attack the plants simultaneously ( , , ) . Q p 4.358 df p 1 P p .0712 b A significant positive correlation was found between resistances to different enemies when these were measured independently ( , bias-corrected bootstrap 95% r p 0.3811 ϩ confidence interval , ), [CI] p 0.2400-0.5196 N p 6 whereas no significant relationship between resistances was found when the enemies were allowed to attack the plants simultaneously ( , bias-corrected bootstrap r p 0.0950
to 0.2252, ). Furthermore, a CI p Ϫ0.0406 N p 23 marginally significant difference in the relationship between resistances to two herbivores was found, depending on whether resistance was measured as or as
The relationship was positive and significant only when resistance was measured as ( , 1 Ϫ damage r p 0.124 , 95%
). Funnel plots re-N p 234 CI p 0.0646-0.1755 vealed no relationship between effect size and sample size ( , , ), but the magnitude r p Ϫ0.044 P p .3424 N p 468 of individual correlations correlated weakly negatively with the number of enemy species in individual studies (r p , , ; fig. 1 ). Ϫ0.1007 P p .030 N p 465
Discussion
The large variation observed in the strength and direction of the genetic associations between resistances suggests that rather than being strictly pairwise or diffuse, selection imposed by a community of natural enemies is likely to form a continuum from purely pairwise to purely diffuse selection, with most cases falling between these two extremes. However, although individual genetic correlations reported between pairs of natural enemies varied from strongly negative to strongly positive, the majority of individual correlations, as well as the mean correlations calculated at either study or correlation level, were positive (table 1). The sources of variation examined (type and feeding specializations of attackers, longevity and life form of the host plant, type of breeding design) affected the magnitude and statistical significance of these correlations but not their sign (tables 1, 3, 4). The prevalence of positive associations between resistances indicates that generalized defenses against multiple enemies are common and that diffuse selection is likely to be more common than pairwise selection. The observed positive genetic mean correlations were, on the other hand, often relatively weak, suggesting potential for pairwise selection between some natural enemies and/or under some conditions.
Only a few significant negative mean correlations were detected (between resistances to miners and browsers and to browsers and suckers), and all of these correlations were based on very low sample sizes ( ). Although strong N p 4 negative individual correlations have been reported (figs. 1, 2), they were clearly less frequent than positive correlations ( fig. 2) . The relative rarity of negative genetic correlations between plant resistances to different enemies suggests that evolving resistance against one type of enemy is not likely to constrain the evolution of resistance to another enemy attacking the same host plant. If the same pattern holds for crops as well, this would facilitate plant breeding for multiple resistances to pests and pathogens. In general, the results of our analysis, together with those of the previously conducted meta-analyses on trade-offs between plant defense and fitness (Koricheva 2002) , be- (Koricheva et al. 2004) , and between plant tolerance and resistance (Leimu and Koricheva 2006) , suggest that negative genetic correlations between different types of plant defenses against various attackers occur under a much more restrictive set of conditions than has been previously assumed.
Characteristics of Natural Enemies
While we have found a considerable number of studies examining genetic correlations between plant resistances to various herbivores, only a couple of studies so far have estimated genetic correlations between wild plant resistances to various pathogens (Hill and Leath 1975; MitchellOlds et al. 1995) or between resistances to pathogens and herbivores (Simms and Rausher 1993; Biere et al. 2004; Valkama et al. 2005) . This is surprising, given the intensity of current research on the crosstalk and trade-offs between signal-response pathways inducing plant resistance to herbivores and pathogens (e.g., Felton et al. 1999; Thaler et al. 1999; Paul et al. 2000) . Our analysis suggests that resistances to pathogens are more strongly correlated than resistances to herbivores. This is a potentially very interesting pattern, but more studies are required in order to adequately understand it. We also found significant positive correlations between plant resistances to herbivores and pathogens. This indicates the absence of genetic tradeoffs between plant resistances to herbivores and/or pathogens. These results contradict those of studies on the crosstalk and trade-offs between signal-response pathways inducing plant resistance to herbivores and pathogens (e.g., Felton et al. 1999; Thaler et al. 1999 ), but they support the idea of considerable overlap in plant responses to herbivores and pathogens at the whole-organism level in plants (Paul et al. 2000) . Our conclusions regarding the sign and the significance of genetic correlations between plant resistances to herbivores and pathogens should be considered only as tentative until more empirical studies in this field become available.
Generalist herbivores are usually negatively affected by host plant defenses, whereas specialists, because of the long coevolutionary history with their host plants (Ehrlich and Raven 1964; Rausher 1996) , may be able to tolerate or detoxify plant defensive compounds (Rhoades 1979; Berenbaum and Zangerl 1998) and thus are usually unaffected by them or even prefer higher levels of certain chemicals (e.g., Bowers 1984; Bowers and Puttick 1988; Van Zandt and Agrawal 2004) . Hence, specialist and generalist enemies can cause opposing selection pressures on plant defenses, which could result in a negative genetic correlation between resistances to specialists and generalists. In addition, host specialization has been suggested to increase the potential for pairwise coevolution (Fox 1988) . Because specialists often interact in a pairwise manner with their hosts, selection by these enemies is also more likely to be pairwise than diffuse.
We found no significant genetic correlation between plant resistances to a generalist and a specialist enemy, which suggests that resistances to generalists and specialists might evolve independently or that generalists and specialists are not deterred by the same defenses. Our results, however, do not support the idea that resistances to generalist and specialist enemies should, in general, show negative genetic correlations (Beck and Schoonhoven 1980) . On the other hand, we found significant positive genetic correlations between resistances to pairs of generalists, as well as to pairs of specialist natural enemies. This suggests that pairs of generalists and pairs of specialists may be influenced by the same plant defensive compounds or traits, and it supports the hypothesis of generalized defenses against multiple enemies.
It has been suggested that responses to herbivores of the same feeding guild are likely to correlate positively because the physiologies and reactions of such herbivores (e.g., against defenses) are likely to be similar and because resistances should affect herbivores of the same guild similarly (Linhart 1991; Fritz 1992) . In contrast, negative correlations (trade-offs) are assumed to be common between resistances to very different types of feeders, such as mammalian and insect herbivores (e.g., Stinchcombe and Rausher 2001) . In contrast to the first prediction, we found that mean genetic correlations between resistances were significantly positive, although weak, regardless of whether herbivores belonged to the same feeding guild. This suggests that generalized defenses may also evolve when a plant is attacked by multiple herbivores from different guilds. However, we also found that the sign and the magnitude of the correlations depended on the guilds of the compared herbivores. As predicted, resistances to very different types of feeders, such as browsers and miners or browsers and suckers, tended to be negatively correlated. Genetic correlations between resistances to members of different guilds could be used to predict patterns of natural-enemy community structure (Fritz 1992) . For instance, our data (table 3) suggest that various species of miners, folders, and gallers are likely to co-occur on the same plant genotypes, while miners and suckers or miners and browsers are likely to prefer different plant genotypes. These patterns could be due either to differing responses of the above groups to the same resistance traits (Fritz 1992) or to induced changes in plant quality (Danell and Huss-Danell 1985; Johnson et al. 2002) .
Plant Characteristics
The evolutionary responses of plants to natural enemies may be very different, depending on the life span of the plant species. We predicted stronger positive correlations between resistances to multiple natural enemies in perennial plants and in trees. In accordance with the first prediction, we found that resistances were positively correlated in perennial plants but not in annual plants. However, contrary to the second prediction, correlations between resistances to multiple enemies were significant only in herbs but not in trees or shrubs. The latter pattern could be due to the lower number of studies on woody plants. Thus, although perennial plants might be more likely to express generalized defenses to natural enemies than annual plants and diffuse selection for resistances may be common, further studies are required to understand the effects of life span and plant life form on evolutionary responses to natural enemies.
Methodological Issues
Correlations between plant resistances to different natural enemies may be due to true genetic associations between the genes encoding resistance traits and/or to ecological interactions between enemies (i.e., induced resistance or behavioral avoidance of plant genotypes colonized by other enemies). Our analysis hints that both mechanisms may affect the magnitude of genetic correlations between plant resistances to multiple enemies. Significant positive genetic correlations among resistances were found in studies where resistance to each enemy species was assessed independently, indicating true positive genetic correlations between resistances to different enemies. In contrast, in studies where resistances were assessed in the presence of other natural enemies, overall genetic correlation between resistances was not significant. This implies that interactions between different enemies in the field are predominantly negative, tend to reduce the magnitude of genetic correlations, and may alter response to selection. However, the difference between the two types of studies was only marginally significant, and effects of interactions between multiple enemies on plant fitness have not been measured in most of the studies. It would be useful to address these points experimentally in future studies by comparing single and multiple natural enemy species treatments (Strauss et al. 2005) .
We found no significant effect of the breeding design (clones, full sibs, half sibs) on the magnitude of genetic correlations between resistances to natural enemies. This is reassuring because full-sib design and clonal analysis are prone to bias because of dominance and maternal effects, which may inflate the estimates of genetic correlations (Falconer 1981; Simms and Rausher 1992) . The highest positive correlations were observed for studies using half sibs, which is the most reliable method for estimating genetic correlations. This indicates that the magnitude of the correlations is not overestimated in our study because of the differences in the genetic backgrounds of the plant material used.
Our analysis suggests that the outcome of studies that examined genetic correlations between resistances to multiple enemies may vary depending on the way resistance is measured. When resistance to both herbivores examined was measured as , a significant positive genetic 1 Ϫ damage correlation was found between the resistances, indicating that the herbivores in question are potentially influenced by the same defensive traits or compounds and that these herbivores are likely to cause diffuse selection. On the other hand, when resistance was measured as the inverse of herbivore abundance, the resistances were uncorrelated, indicating the potential for pairwise selection and suggesting that the compared herbivores are not influenced by the same defensive traits. The difference between the two categories of studies was, however, only marginally significant. Herbivore damage can be considered to be more indicative of plant defensive compounds or traits than herbivore abundance because damage levels are more likely to be directly influenced by these plant traits. Yet, measuring resistance as either or 1 Ϫ damage 1 Ϫ abundance does not allow us to determine herbivore whether the same defensive traits or compounds affect the compared herbivores (generalized defenses) or whether resistance is caused by different traits or compounds. Therefore, a more trait-oriented approach to assessing plant resistance to herbivores in coevolutionary studies should be advocated (Strauss et al. 2005) .
Conclusions
Results of meta-analysis of genetic correlations between resistances to multiple enemies suggest that diffuse selection and generalized defenses against multiple enemies are likely to be common. However, since many of the observed correlations were relatively weak, especially those among herbivores, this does not exclude the possibility of pairwise selection between some pairs of plants and natural enemies. Moreover, the large variation observed in the strength and direction of associations between resistances to multiple enemies suggests that instead of a strict dichotomy between pairwise and diffuse selection, there is a continuum between the two selection types.
In addition, our results indicate that the presence of one enemy may influence plant resistance to other enemy species and that the evolution of plant resistances is also likely to affect the community patterns of natural enemies. Since most of the reviewed studies have been conducted in the field with naturally co-occurring herbivores, the magnitude of true genetic correlations between resistances to different natural enemies is likely to be underestimated. In addition, studies where genetic associations were estimated among many species of attackers tended to report somewhat weaker correlations than studies examining correlations among just a few herbivore or pathogen species. However, it could be argued that to assess the potential for natural selection by herbivores and pathogens on resistance traits in plants, the effects of herbivore and pathogen communities should be examined under natural conditions, including the natural interactions between species (Roche and Fritz 1997) . Our results highlight the importance of considering the community of interacting species in order to understand how individual species and traits evolve. Moreover, although our review was limited to wild plant species, our results can have implications for plant breeding. General knowledge of the degree of linkage between plant resistances to multiple enemies and of factors that affect it is useful for planning plant breeding. If the prevalence of positive correlations between plant resistances to multiple enemies holds true for crops as well, crop breeding for multiple resistance against natural enemies could be facilitated.
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